Direct-fed microbials (DFM) feed additives have been shown to improve average daily gain (ADG) and feed efficiency in ruminant animals in many studies. So, this study aimed to evaluate effect of using fungal and bacterial DFM and their mixture on productive performance of growing lambs. Thirty-two Barkey lambs (3 months old, 22.31± 1.57 kg) were randomly assigned into four groups, 8 lambs of each according to live body weight. The first group (control) was fed control rations without DFM supplementation, while treated groups (Fungal DFM, Bacterial DFM and Mixed DFM) were fed the control ration plus 2.5 g fungal, bacterial or mixed (1:1) DFM; respectively. Results showed that groups fed ration supplemented with DFM (fungal, bacterial and mixed) recorded higher DM, TDN and digestible CP intake. Supplementation of lambs ration with DFM (fungal, bacterial and mixed) showed not significant (P>0.05) effects on rumen liquor TVFA's and ammonia concentration at 0, 3 and 6 hrs post feeding. While DFM supplemented rations showed significant higher rumen liquor pH at 0, 3 and 6 hrs after feeding compared to the control group. Numerically increase was recorded in cellulose activity as unit per ml rumen liquor for groups fed ration supplemented with bacterial and mixed DFM. Direct fed microbial supplementation significantly (P<0.05) improved nutrients digestibility as dry matter, organic matter, crude protein, crude fiber, nitrogen free extract, neutral detergent fiber (NDF) and acid detergent fiber (ADF) as well as feeding values as TDN and digestible crude protein. Bacterial or mixed DFM supplementation showed numerically increased (P>0.05) in plasma total protein concentration compared to lambs fed ration not supplemented. While albumin, globulin, urea, triglycerides, creatinine ALT and AST, alkaline phosphates activity were not significantly (P>0.05) affected by DFM supplementation. Total gain and ADG were significantly increased (P≤0.05) for groups received rations supplemented with DFM compared to control group. Also DFM supplementation significantly (P≤0.05) improved feed conversion as DM, TDN, CP and DCP compared to the control group. It could be concluded that supplementing lambs ration with fungal, bacterial or mixed DFM improved feed intake, digestibility, average daily gain and feed conversion without any adverse effects on animal health and performance.
ABSTRACT
Direct-fed microbials (DFM) feed additives have been shown to improve average daily gain (ADG) and feed efficiency in ruminant animals in many studies. So, this study aimed to evaluate effect of using fungal and bacterial DFM and their mixture on productive performance of growing lambs. Thirty-two Barkey lambs (3 months old, 22.31± 1.57 kg) were randomly assigned into four groups, 8 lambs of each according to live body weight. The first group (control) was fed control rations without DFM supplementation, while treated groups (Fungal DFM, Bacterial DFM and Mixed DFM) were fed the control ration plus 2.5 g fungal, bacterial or mixed (1:1) DFM; respectively. Results showed that groups fed ration supplemented with DFM (fungal, bacterial and mixed) recorded higher DM, TDN and digestible CP intake. Supplementation of lambs ration with DFM (fungal, bacterial and mixed) showed not significant (P>0.05) effects on rumen liquor TVFA's and ammonia concentration at 0, 3 and 6 hrs post feeding. While DFM supplemented rations showed significant higher rumen liquor pH at 0, 3 and 6 hrs after feeding compared to the control group. Numerically increase was recorded in cellulose activity as unit per ml rumen liquor for groups fed ration supplemented with bacterial and mixed DFM. Direct fed microbial supplementation significantly (P<0.05) improved nutrients digestibility as dry matter, organic matter, crude protein, crude fiber, nitrogen free extract, neutral detergent fiber (NDF) and acid detergent fiber (ADF) as well as feeding values as TDN and digestible crude protein. Bacterial or mixed DFM supplementation showed numerically increased (P>0.05) in plasma total protein concentration compared to lambs fed ration not supplemented. While albumin, globulin, urea, triglycerides, creatinine ALT and AST, alkaline phosphates activity were not significantly (P>0.05) affected by DFM supplementation. Total gain and ADG were significantly increased (P≤0.05) for groups received rations supplemented with DFM compared to control group. Also DFM supplementation significantly (P≤0.05) improved feed conversion as DM, TDN, CP and DCP compared to the control group. It could be concluded that supplementing lambs ration with fungal, bacterial or mixed DFM improved feed intake, digestibility, average daily gain and feed conversion without any adverse effects on animal health and performance.
INTRODUCTION
Improvements of animal productivity, feed utilization and animal health are the aims of rumen microbial studies. These aims could be achieved by producing desirable fermentation products as direct fed microbial (DFM). Many of the feed additives have been used to improve animal productivity and feed utilization efficiency. The probiotics (direct-fed microbial, DFM) are microbial growth promoters that could be manipulating the rumen fermentation characteristics in intestinal tracts of livestock animals (Weiss et al 2008).
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The name probiotic comes from the Greek 'pro bios' which means 'for life'. The term "probiotic" has been defined as "a live microbial feed supplement, which affects beneficially of the host animal through improving the microbial balance in the intestine" (Fuller, 1989) . Also, they are known as direct-fed microbial (DFM). Probiotic Many factors, such as the microbial type and strain, presence of enzymes in the products, their mode of action and level of application, the animal type, diet and energy level as well as animal productivity may affect animal response to DFM supplementation. Moreover few researches has been found to evaluate effect of using DFM on small ruminant performance, Also no available researches have been found to evaluate effect of using DFM on the low quality roughage efficiency of utilization.
So, this study was conducted to evaluate effect of supplement fungal or bacterial DFM or their mixture supplementation on productive performance of growing lambs fed low quality roughage (wheat straw).
MATERIALS AND METHODS
The present study was carried out in Al-Fayroz farm for agriculture and animal production, ElNoubaria, El-Behaira governorate and labs of Animal Nutrition, Animal Production Department, Faculty of Agriculture, Ain Shams University, Egypt. Preparing of the direct fed microbial (DFM) products.
Ten 
Animals, and experimental design
Thirty-two Barkey lambs (3 months old, 22.31± 1.57 kg body weight) were randomly assigned to four groups, 8 lambs for each according to live body weight. Each group was assigned randomly to receive one of the four experimental treatments. The animals were fed restricted amount of concentrate feed mixture (CFM) to cover about 80 % of their allowances according to NRC (1985) and the wheat straw was offered free choice. The concentrate feed mixture (CFM) consisted of 40.5% yellow corn grain, 11.2% soybean meal, 11.2% wheat barn, 22.2% sun flower meal, 11.2% wheat, 0.2% dicalcium phosphate, 0.1% salt, 1%linestone, 0.3% yeast, 0.1% ammonium chloride, 1% mineral mix, 1% sodium bicarbonate and 0.2% detoxification agent. The first group (control) was fed control rations without DFM supplementation, while treated groups were fed the control ration plus 2.5 g fungal, bacterial or mixed (1:1) DFM, respectively. The chemical composition of the experimental ration ingredients are presented in Table (1) . Complete rations were offered twice daily at 7 am and 4 pm in quantities sufficient to allow free choice access to the ration, and animals have free access to clean fresh water. The growth phase lasted 124 days, the animals were weighed monthly to calculate total gain, daily gain and feed conversion. 
Digestibility trials
Through the entire experimental period, the digestibility trial was performed after two months of the experimental beginning, six animals from each treatment were used and fecal bag technique was applied. Fecal collection bags were fixed on the lambs and after a 3-day adaptation period, total feces were collected for 5 consecutive days. Fecal collection bags were emptied twice daily and the contents weighed. Total feces were sub-sampled at a percentage set for individual lambs to obtain approximately 100 g of fecal DM from each animal over the five days collection.
Rumen parameters
After 45 days of experimental beginning rumen contents were sampled from 5 animals of each group by stomach tube. Samples were collected before the morning feeding (i.e., t = 0), 3 and 6 h after the morning feeding. The collected rumen fluid was squeezed through four layers cheesecloth and immediately after rumen liquor filtration; pH value was measured using pH-meter (Hanna, Italy). Ammonia concentration was carried out by a modified Nessler's method modified by Szumacher-Strabel et al (2002) . Frozen rumen liquor samples were analyzed for total volatile fatty acids (TVF's) by steam distillation according to Warner (1964).
Chemical analysis
Feeds and feces samples were subjected to proximate chemical analyses (crude protein (CP), crude fiber (CF), ether extract (EE) and Ash) according to AOAC, (2000) while nitrogen free extract (NFE) was calculated by difference. The NDF, ADF and ADL were determined according to Van Soest et al (1991). Cellulose and hemi-cellulose were calculated by difference and non-fiber carbohydrate (NFC) was calculated according to following equations: Cellulose, % = %ADF -% ADL Hemi-cellulose, % = %NDF-% ADF. NFC, % = 100− (%ND+%CP + %fat + %ash) (NRC, 2001 ).
Blood parameters
At the end of growth trial, blood samples were taken from 5 animals for each group. A sample of 10 ml of blood was withdrawn from the jugular vein of each animal. The blood sample was directly collected into a clean dried glass culture tubes (after addition of heparin as an anti-coagulant) at 3 hrs post feeding. The blood plasma was harvested by centrifuging the collected blood samples soon after collection at about 4000 (rpm) for 15 minutes. The blood plasma was harvested into a clean dried 2 ml ependorph tube and then stored at -18º C for subsequent chemical analysis. Blood plasma samples were analyzed using commercial kits.
Statistical analysis
The data were statistic analyzed using the statistical analysis system (SAS, 1999). Separation among means was carried out according to Duncun Multiple Range test (Duncan, 1955) . Data of total and daily gain, digestibility, feed conversion and some blood parameters were statistically analyzed according to the following model: Yij = μ + Ti + eij, Where yij = represents observation, μ=: the overall mean, Ti = effect of treatment (experimental group), eij: experimental error.
While the data of rumen fermentation parameters were statistically analyzed according the following model: Yij= µ + Ti +S+ an(t) +S*T + eij Where: Yij = The observation on the I th treatment, µ = Overall mean, Ti = Effect of the I th treatment, S = Effect of the period, an (t) = Effect of the animal in the treatment and eij = Random experimental error
RESULTS AND DISCUSSION

Nutrient digestibility
Direct fed microbes (DFM) supplementation significantly improved nutrients digestibility as dry matter, organic matter, crude protein, crude fiber and nitrogen free extract content (Table 2) . Also, DFM supplementation improved, neutral detergent fiber (NDF), acid detergent fiber content (ADF), cellulose and hemicellulose digestibility by about 6.73 and 18.14 % compared to control.
Nutritive values in term of total digestion nutrients (TDN), digestible crude protein were significantly improved with rations supplemented by DFM compared to control ration. The improvement of nutritive values (TDN and DCP%) of rations supplemented with DFM may be due to the improvement of nutrients digestibility as shown in Table  ( However, increased fiber digestibility is unlikely due to supplemental enzyme activity alone because the contribution of added EFE to total ruminal enzyme activity is relatively very small
(Beauchemin et al 2001). Wang et al (2001)
reported that EFE supplementation increased numbers of total bacteria (non-fibrolytic and fibrolytic) in an in vitro batch culture system. Stimulation of rumen microbial counts by the use of EFE could result in higher microbial biomass production, consequently, provide more total polysaccharidase activity in the digested feedstuffs. 
Feed intake
The experimental groups were fed restricted amount of feed (concentrate feed mixture and wheat straw, according to NRC allowances, 1985) and the orts were recorded. So the data of Table  ( 3) clearly showed that the concentrate feed mixture (CFM) intake was the same for the four experimental groups, while wheat straw and total DM intake was higher in the groups fed rations supplemented with bacterial DFM and mixed DFM compared to the group fed control ration and that supplemented with fungal DFM. Also the data indicated that the groups fed ration supplemented with DFM (fungal, bacterial and mixed) recorded higher TDN intake and digestible CP intake. These results could be postulated to that DFM contained exogenous enzyme that increase rate of digestion and /or digestibility ( 
Rumen parameters
Supplementation of lambs ration with DFM (fungal, bacterial and mixed) showed no significantly effect on rumen liquor TVFA's and ammonia concentration at 0, 3 and 6 hrs post feeding (Table  4) . In this connection Qiao et al (2009) found that adding DFM contained Bacillus subtilus resulted in increased total VFA concentration. Concerning effect of sampling time, the values of rumen TVFA's and ammonia concentration showed a normal pattern, which the highest value (P<0.05) were recorded at 3 hrs post feeding and gradually decreased to reach the lowest values at 0 hrs of feeding (pre-feeding).This may be attributed to that fermentation process of both nonstructural and structural carbohydrates started with a low rate as a result to absence of substrate then increased with the time and reached the maximal level at 3 hrs after feeding then deceased up to the next meal, parallel to the gradually disappearance of substrate (El-Bordeny et al 2015 b). Table ( 4) clearly indicated that supplementation of lambs ration with different DFM significantly increased rumen liquor pH at 0, 3 and 6 hrs after feeding compared to the control group (not supplemented). This result may be due to the higher feed intake (P>0.05) from wheat straw (table 3), consequently increase ruminating process and saliva excretion which enhance the buffering control and resulted in increase the pH value as well as the non-significant increase in TVFA's for control group compared to the group supplemented with different DFMs.
Data of
Concerning effect of sampling time, the values of rumen liquor pH showed a normal pattern, the mean value of rumen pH started high at zero time then decreased (P<0.05) at 3 hrs, then increased (p<0.05) again at 6 hrs after feeding. These results may be related to fermentation processes of both nonstructural and structural carbohydrates and production of volatile fatty acids which increased with proceeding time so that affected the pH values to some limit until they were proportionally and relatively absorbed from the rumen wall Arab Univ. J. Agric. Sci., Special Issue, 26(2C), 2018 resulting in decrease in pH value. These results agree with the conclusion of El-Bordeny et al (2015b) who stated that the pH values were related to TVFA's concentration in the rumen inversely. Numerically increase (not significant) was noticed in cellulase enzyme activity as unit per ml rumen liquor for groups fed ration supplemented with bacterial and mixed DFM, and no differences was recorded among the different experimental groups in specific activity of Table cellulose as unit per mg protein (Table 4) . This may be due topost-ingestive enzyme effects, which may improve hydrolytic activity in rumen ecosystem (Adesogan, 2005) . 
Blood metabolic parameters
Adding fungal, bacterial or mixed DFM to lambs ration showed insignificantly numerically increased (P>0.05) in plasma total proteins concentration compared to lambs fed control ration (Table 5) . This may be attributed to that DFM supplementation improve metabolic process as a response to increase nutrients digestibility specially, crude protein and organic matter (Table 4) as well as increase flow of microbial protein from the rumen (Yang et al 1999) . Moreover, Kumar et al (1980) and Bush, (1991) postulated that blood total proteins plasma concentration is reflect the nutritional status of the animal and reported a positive correlation between blood total proteins concentration and dietary protein level.
Blood plasma albumin, globulin, urea, triglecride and creatinine concentration and ALT, AST, alkaline phosphates activity were not significantly (P>0.05) affected by DFM supplementation to lambs ration (Table 5 ). The present values of AST and ALT activity indicated normal activity of the animal liver tissues; consequently, DFM supplementation in the present study had no any adverse effect on the liver function. 
Growth performance
Total gain and average daily gain were significantly increased (P=0.006) for groups received rations supplemented with DFM compared to control group (Table 6 ). In this connection Kowalski et al.(2009) found that adding DFM contain Bacillus subtilus to dairy calve ration increased average daily gain and final total gain. Moreover, Kritas et al (2006) fed ewes on ration supplemented with DFM and found increase in total milk yield, also Qiao et al (2009) found the same trend when feeding lactating cow on diets supplemented with DFM.
Also supplementation lambs rations with DFM significantly (P≤0.05) improved feed conversion as DM, TDN, CP and DCP compared to the control group. These may be due to: 1) Higher intake of CP and TDN for supplemented groups compared to control group (Table 2) , 2) the higher nutrients digestibility for supplemented groups compared to control group (Table 5) . Moreover, the superiority of feed conversion as DM, TDN, CP and DCP for supplemented groups could be attributed to the higher values of average daily gain recorded for supplemented groups compared to control. 
CONCLUSION
It could be concluded that supplementing lambs ration with fungal, bacterial or mixed DFM improve feed intake and digestibility, consequently increased average daily gain and feed conversion without any adverse effects on animal health and performance.
